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Cell Detachment Mechanisms under Closer Investigation - the Role of
Fate, Elasticity and Intra-Lineage Adhesion Heterogeneity
Alexander Fuhrmann, Adam J. Engler.
University of California, San Diego, La Jolla, CA, USA.
Cell attachment strength has been used as a metric to assess cell behaviors
ranging from cell-ECM binding forces to matrix fiber strength. Radially-
dependent shear force detachment assays have shown that somatic cell at-
tachment is binary, i.e. either attached with relatively normal morphology
or absent at physiological or higher forces. By refining the image analysis
software with this assay to gather information on of cell shape, size and ori-
entation, we have observed quite different behavior for undifferentiated vs.
somatic cells. Tremendous cytoskeletal remodeling occurs in mouse embry-
onic stem cells (mESCs) and bone marrow-derived stem cells (BMSCs) with-
out detachment, i.e. aspect ratios of mESCs and BMSCs increase up to 4:1 to
6:1 compared to control samples; on the other hand, data from fibroblasts
confirms the binary adhesion model with relatively little cytoskeletal remod-
eling if any before detachment. After prolonged culture, BMSCs lose their
ability to remodel under shear and detached in a binary fashion, perhaps in-
dicating that a certain degree of pluripotency is required for the cytoskeleton
to remain elastic and remodel. Since differentiation scales with cell stiffness,
the ability of cells to rearrange under shear depends mostly on their elastic-
ity. Softer cells such as undifferentiated BMSCs have an advantage to
quickly adopt to the direction of shear and align themselves parallel to the
force, reducing their total drag and consequently are able to withstand
a higher shear force than their integrin density would let expect. Stiffness
changes are also apparent in cancer, and using nonmalignant and transformed
cell lines, parallels with stem cell adhesion will be investigated. Overall
these data imply that adhesion strength may be a novel and useful physical
metric to monitor cell fate.
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A Biophysical Analysis of Cell and Nucleus Relation
Shen-Hsiu Hung1,2, Stephen Hugo Arce1, Pei-Hsun Wu1,2, Yiider Tseng1,2.
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Recently, studies of nuclear motion as well as the identification of the actin
cap and the LINC (linker of nucleoskeleton and cytoskeleton) complex have
suggested that the cytoskeleton may regulate the position and physical prop-
erties of the nucleus. The Rho GTPase family proteins act through separate
yet intertwined pathways to govern cytoskeletal remodeling, which affect di-
verse cell features throughout the cell. Thus, monitored biophysical changes
in such features under different conditions may be correlated to their up-
stream Rho GTPases’ signaling. In this study, we analyzed the correlation
between nucleus and cell movements of single live cells in an effort to un-
cover the states of Rho GTPases’ signaling, the underlying contributors to
cytoskeletal reorganization. Our novel approach possesses the ability to
quantitatively characterize changes in cell movement behavior patterns re-
sulting from Rho GTPase manipulation, and can further distinguish between
different cell lines, which should each possess unique Rho GTPase signaling
profiles. Cell motility trends predicted by this analysis are in agreement with
wound healing assays of the same cells with the advantages of more insight
into molecular information and the capability to monitor individual cells.
Thus, this analysis can offer a rapid, convenient platform to decipher
a cell motility pattern while matching it to its underlying RhoA and Rac1
activities.
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Complex Substrate Strain Fields Reveal Anisotropic Deformation of
C2C12 Cell Nuclei
Dominique Tremblay, Andrew E. Pelling.
University of Ottawa, Ottawa, ON, Canada.
INTRO
Extracellular forces can result in significant nuclear deformations and may
modulate transcription activity. However, the precise role of the cytoskeleton
network in regulating nuclear mechanics remains poorly understood. The
goal of the present study is to investigate the nuclear deformability under com-
plex substrate strain fields to clarify the role of the microtubule and actin net-
work on the mechanical behavior of the nucleus.
METHOD
A custom-built cell bi-axial stretching device allowing for real time imaging of
mouse myoblast (C2C12) nuclei was used. Cells were seeded on a cross-shapedsilicone membrane coated with collagen I and cultured in growth medium. A
live cell fluorescent nuclear stain, Hoechst-33342, was used to image the nu-
cleus during stretching. Nocodazole and cytochalasin-D were used to depoly-
merize the microtubule or actin network, respectively. All cells were
exposed to a stretching strain field of 23% parallel to major or minor nuclear
axis.
RESULTS
For all cells, substrate stretching along one nuclear axis induced stretching
along this axis and compression along the orthogonal axis. Control cells dis-
played a higher nuclear stretching along the minor axis than the major axis
with a deformation of 5% and 2% respectively. This anisotropy vanished com-
pletely in microtubule- and actin- deprived cells with a deformation of about
4% and 3.5% respectively for both axis. In concert with stretching, increased
nuclear compression was observed along the minor axis compared to the major
axis for all cells.
CONCLUSION
The anisotropic deformation of C2C12 cell nuclei are driven by actin and
microtubule networks. It is important to understand how the cytoskeleton
regulates force-induced deformation of the nucleus since they are known
to alter gene expression and cell polarity. Such intrinsic mechanical behav-
ior could also be exploited as a readout mechanism of substrate strain
fields.
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Effect of Substrate Nanotopography and Chemistry on Cell Attachment
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Neural implants will play an important role in the future and are already used
for tempering the symptoms of Parkinson’s disease or help locked-in patients
to communicate. Current electrodes used for these applications have a smooth
surface, which elicits a tissue response leading to the formation of an isolat-
ing layer (mostly glial cells and their processes) around the electrodes and
results in decreased signal levels. Recently, it has been shown that nanostruc-
tured surfaces lower the tissue response to the implant and improve the re-
cording properties of the electrodes. The best topography and material for
improving the implant biocompatibility remain unknown. We describe an
in vitro model to analyze the effect of surface topography and chemistry
on retinal cells. Postnatal mouse retinas were dissected and dissociated in or-
der to obtain a retinal cell suspension, which was subsequently seeded onto
different culture substrates: gallium phosphide (GaP) nanowires (NWs)
with a density of ~ 1 NW/mm2, flat GaP, flat silicon (Si) and SiNWs with
a density of ~ 25 NWs/mm2. Cultured cells were characterized using immu-
nocytochemistry and confocal microscopy: the topographical and chemical
properties of the substrate influence not only cell adhesion, but also the com-
position of the adhering cell population. Cell clusters were visible on all sub-
strates except SiNWs, where only individual cells attached. On GaPNWs,
clusters were larger and in greater number. GFAP, b-tubulin III, and rhodop-
sin antibodies were used for identifying glia, neurons, and rod photoreceptors,
respectively. Those cells were present on all substrates. However, on SiNWs,
only a few cells were GAFP or b-tubulin III positive and no process exten-
sion was observed. In contrast to flat substrates, b-tubulin III cells showed
extensive process outgrowth on GaPNWs, forming a dense network of con-
necting neurites.
3587-Pos Board B448
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Lei Song, Joseph Santos-Sacchi.
Yale Medical School, New Haven, CT, USA.
Mammalian outer hair cell (OHC) electro-motility results from voltage-
dependent conformational changes of the membrane protein prestin, with the
cell’s nonlinear capacitance (NLC) being considered a surrogate measure of
electromotility. A number of physiological factors shift prestin’s voltage de-
pendence, including changes in intracellular Cl and membrane holding poten-
tial (pre-pulse effect), each presumably affecting electromotility and NLC
equivalently.
Here we study the consequences of combined Cl and pre-pulse manipula-
tions on electromotility with simultaneous measurements of NLC and video
imaging. We found, as expected from our previous work, that OHCs
708a Wednesday, February 29, 2012patched with 140 mM intracellular Cl show robust depolarizing shifts of
NLC upon negative pre-pulse, with electromotility displaying a similar shift.
However, lower, more physiological levels of intracellular chloride (1 and
10 mM), induce an uncoupling of mechanical responses from NLC. That
is, voltage dependence of motility is shifted in the depolarizing direction
compared to that of NLC. The uncoupling shows hysteresis, being greater
with depolarizing voltage polarity. We have found disparities as large as
50 mV between charge movement and electromotility. Interestingly, we
find that diamide can reduce the disparity, suggesting that chloride modu-
lates a cytoskeletal coupling between prestin’s conformational state and
whole cell mechanics. Finally, the uncoupling we find imposes an additional
challenge for the voltage-sensitive protein prestin to drive the cochlear par-
tition during acoustic stimulation, since the whole cell mechanical response
is variably uncoupled from voltage depending on phase of receptor
potential.
(Supported by NIH/NIDCD DC 000273 to JSS)
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The Effect of Thrombin Concentration on Rheology of Fibrin Networks
Huayin Wu.
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Fibrin networks exhibit strain stiffening behavior - at low strain their re-
sponse is linear, at higher strains their response becomes progressively stiffer.
It has been shown that in the low strain linear regime the individual fibers
bend and avoid being strained until they reach a critical point and start to
get pulled. Although many networks strain stiffen, this bending response
has never been reported and is only somewhat predicted in theory. Thrombin
is known to modulate the structure of fibrin networks, with lower concentra-
tions resulting in coarse networks and higher concentrations forming dense
ones. The thickness and bending stiffness of fibers in these networks should
be affected as well. Performing rheology on the networks at various concen-
trations and imaging the structure of fibrin will give insight into the mechan-
ical properties.Ion Motive ATPases
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The Naþ/Kþ ATPase is an integral membrane protein formed mainly by two
subunits; a and b. Recently, we showed that ouabain (a cardiotonic steroid
used in patients with heart failure) binds at two mutually exclusive sites
along the ion permeation pathway of the Naþ/Kþ ATPase, indicating a se-
quential ouabain binding mechanism. Here, we used a spectroscopic ap-
proach (LRET) to measure distances between a genetically encoded
lanthanide binding tag (LBT that binds Tbþ3 with high affinity) and a cyste-
ine-reactive fluorescent compound (TMR). We created energy transfer pairs
by encoding the LBT’s in several of the external loops of the a subunit and
cysteines substituted in different positions of the b subunit. These normally
functional LBT-Naþ/Kþ ATPase constructs were expressed in Xenopus lae-
vis oocytes that were voltage clamped with two microelectrodes to obtain
simultaneously electrical and LRET recordings under physiological ionic
conditions. By measuring donor-only decays and sensitized emission decays,
we estimated the distance between donor and acceptor. Distances from sev-
eral LBT-(Tb3þ)-TMR pairs were estimated, one at time, in the absence and
then in the presence of ouabain. Interestingly, in the presence of ouabain,
the distances increased. Ours results suggests that the Naþ/Kþ ATPase
might transit to a different conformation (not yet detected by crystallogra-
phy) when ouabain binds to the ion permeation pathway. This new confor-
mation could be a separation between the a and b subunits or
a rearrangement of the transmembrane segments to accommodate ouabain
deep into the permeation pathway. Further experiments are required to dis-cern between these possibilities. Supported by U54GM087519 and
GM030376.
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In exchanging three Naþ for two Kþ, Naþ/Kþ pumps move net charge
through the membrane’s electric field. Most charge moves during transitions
that release Naþ to the exterior, as Naþ traverse a fraction of the membrane
field along an access channel connecting their binding sites deep inside the
pump with the extracellular space. We separate the resulting electrical signals
from others in the pump cycle by withholding Kþ and intracellular ADP,
thereby constraining pumps to steps that release and rebind external Naþ. Un-
der these conditions, at a given external Naþ concentration ([Naþ]o) and
membrane potential, the pumps distribute among conformations with zero,
one, two, or three bound Naþ. After a sudden jump to a new potential, as
pumps redistribute to a new steady-state arrangement, transient currents are
generated upon Naþ-ion release or binding. By rapidly changing the squid
giant axon membrane potential, we previously identified three distinct compo-
nents in these transient current relaxations: fast (comparable to the voltage-
jump time course), medium-speed (tm ~0.2-0.5 ms), and slow (ts ~1-10
ms). Technical advances now allow us to simultaneously follow the charge
amounts in all three phases, with unprecedented temporal resolution. We
find that, over a broad range of [Naþ]o and potential, the charge amount con-
tained in the fast component is dictated by how far the medium-speed compo-
nent has progressed towards equilibrium at that time, which is itself
determined by how far the slow component has progressed. Thus, under all
conditions examined, as Naþ-bound and -unbound pump populations redis-
tribute, the amounts and time courses of the three charge movements are
closely correlated. These strict correlations reveal the dynamics of the confor-
mational changes by which Naþ are released from (or sequestered into) their
binding sites one at a time, in an obligatorily sequential manner. HL36783,
U54-GM087519.
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Energetics of the Reactions Controlling the Deeply Occluded State of the
NaD/KD Pump
Juan P. Castillo, Daniela De Giorgis, Daniel Basilio, David C. Gadsby,
Joshua J.C. Rosenthal, Ramon Latorre, Miguel Holmgren,
Francisco Bezanilla.
Laboratorio de Fisiologia Celular, Montemar, Valparaiso, Chile.
The Naþ/Kþ pump is a nearly ubiquitous membrane protein in animal cells that
uses the free energy of ATP hydrolysis to alternately export 3Naþ from the cell
and import 2Kþ per cycle. This exchange of ions produces a steady outward
current, proportional in magnitude to the cycle turnover rate. When the absence
of Kþ prevents cycling, a sudden voltage jump causes the Naþ/Kþ pump to
generate temporally distinct transient currents that represent the kinetics of ex-
tracellular Naþ binding/release and Naþ occlusion/deocclusion transitions. For
many years, these electrical signals have escaped a proper thermodynamic
treatment due to the relatively small size of the currents. Here, taking advantage
of the large diameter of the axons from the Humboldt squidDosidicus gigas, we
have separated the kinetic components of the transient currents over an ex-
tended temperature range and thus characterized the energetic landscape,
both of the Naþ/Kþ pump cycle and of those transitions associated with extra-
cellular release of the first Naþ from the deeply occluded state. A global fit of
the energetic parameters of a model that included the occlusion/deocclusion
transition followed by binding/unbinding reactions was made using 150 mea-
surements spanning a voltage range between 120 and þ60 mV and a temper-
ature range between 17 and 32oC. The occlusion/deocclusion transition
involves large changes in enthalpy (Q10=3.3) and entropy that largely compen-
sate each other as the ion is deoccluded for release to the external milieu. The
subsequent binding/unbinding reaction is substantially less costly (Q10=2),
though still larger than predicted for the energetic cost of an ion diffusing
through a permeation pathway, suggesting that ion binding/unbinding must in-
volve amino acid side chain rearrangements at the ion coordination site. Sup-
ported by FIRCA grant R03 TW008351 and U54GM087519, GM030376,
NS64259, HL36783, Fondecyt-1110430.
